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Executive Summary

The City of Long Beach is located in a semi-arid region with finite natural water supplies. Long
Beach has established itself as a leader in conservation, achieving a 31% reduction in gallons per capita
per day (GPCD) from the 1980’s to today. However, due to the arid climate of the Southwest,
specifically Southern California with its large population, there is not enough naturally occurring water
to meet demands without importing water from other regions. Long Beach is no exception and obtains
39% of water supply from imported sources. Additionally, the 54% originating from groundwater is
partially dependent upon imported sources for recharge. Recycled water makes up just 7% of the water
supply portfolio. Plans to expand the recycled water system have not yet been realized. Currently,
purchasing imported water is more cost effective for Long Beach than expanding the recycled water
system or constructing a desalination facility. However, stress on imported water supplies from climate
change could drive up prices and make expansions of local supplies more economically attractive.

Southern California’s reliance on imported supplies revolves around snowpack and the timing of
snowmelt from the Upper Colorado basin and Northern California regions. In the Western United States
(WUS), approximately 75% of water discharge comes from spring snowmelt and is primarily controlled
by precipitation and temperature (Cayan, 1996). Recent projections of climate change due to increases in
anthropogenic greenhouse gases suggest the WUS and Southwest are particularly vulnerable due to this
heavy reliance of temperature sensitive snowpack (Christensen & Lettenmaier, 2007; Diffenbaugh et al.,
2005; IPCC, 2007; Rauscher et al., 2008). Lack of local supply expansion coupled with potential
decreases in imported water supply availability could leave Long Beach in shortage conditions. Here we
take a comprehensive approach to examine near term climate change impacts on all sources of water
supply to Southern California and specific impacts to Long Beach.

A 10-member ensemble of coupled global climate models is dynamically downscaled forcing
one regional and one hydrological model resulting in a high-resolution 4-km output to assess climate
change impacts on the hydrologic cycle for all imported water to Southern California including the San-
Joaquin River, Tulare Lake, Sacramento River, Owens Valley, Mono Lake and Colorado River basins.
Greenhouse gas concentrations are prescribed according to the Intergovernmental Panel on Climate
Change (IPCC) Representative Concentration Pathway (RCP 8.5) using a baseline period of 1966-2005
and future period of 2011-2050.

Surface temperatures are projected to rise by 0.5-1.7°C by 2030 and 1.2-2.5°C by 2050 over the
WUS. Accelerated warming is observed in mountain ranges like the Sierra Nevada and Colorado Rocky

Mountains as a result of the snow-albedo positive feedback. Average winter albedo decreases upwards



0f 20% by 2030 and 25% by 2050 in higher elevations. Timing of peak runoff timing shifts one to two
weeks earlier in the year due to warmer temperatures and a much reduced snowpack. The ensemble of
models predicted a range of changes in annual average precipitation and runoff amounts by 2050.
However, the intensity and frequency of daily annual maximum runoff and precipitation events
increases throughout the region. For example the current 100-year runoff even becomes approximately
nine times more likely in the Colorado River Basin and twice as likely in other basins of Long Beach’s
imported water supply. Cumulative annual runoff has an increased probability of being significantly
greater or less than historical amounts. The increased frequency of abnormally low annual runoff
increases the regions susceptibility to droughts. Regardless of positive or negative changes in annual
runoff or precipitation, the region’s imported water supply is projected to diminish by mid-century due
to lack of reservoir storage capacity to capture the increased proportion of rainfall derived runoff, more
extreme winter runoff events and earlier snowmelt timing as projected by climate change.

Long Beach populations are expected to increase at a fairly slow rate. This together with
extensive conservation efforts over the past 30 years will make it increasingly difficult for Long Beach
to further reduce its gallons per capita per day (GPCD) water usage. Even if the target 100 GPCD is met,
increases in population by 2050 will result in a net increase of water demand. Locally, temperatures are
projected to rise 1-1.25°C by 2030 and 1.25-1.5°C by 2050; however, annual precipitation is also
projected to increase 15-25% by 2030 and 2.5-10% by 2050 however precipitation events are expected
to be less frequent, greater in magnitude, and concentrated during the winter months when outdoor
demand is low. Without citywide storm water capture efforts, any additional precipitation projected with
climate change will not significantly offset demand. Substantially warmer summer temperatures will
increase evapotranspiration and outdoor irrigation demand. Drought tolerant conversion efforts could
reduce outdoor irrigation requirements by 10-24% and reduce the impacts of increased temperatures.
While Long Beach has established itself as a leader in water conservation, further efforts to increase
capture and utilization of local storm runoff and expansion of recycled water use must be made in order

for the city to withstand future water supply reduction caused by climate change.



1.0 Introduction

The Long Beach Water Department (LBWD) is the retail agency that distributes water to the
nearly 500,000 residents of Long Beach. LBWD is required by the California Department of Water
Resources (DWR) to submit an Urban Water Management Plan (UWMP) every five years. Addressing
climate change is currently an optional section to include in an agency’s UWMP. LBWD’s 2010 UWMP
included a short section on the topic stating, “The effects of climate change will have on water supply
and demand are unknown as this time, given the uncertainty with respect to local impacts, intensity,
duration and timeliness...LBWD does not expect climate change to have a major impact on its local
sources of water, such as groundwater and recycled water” (LBWD, 2010). The paragraph continues to
state that climate change impacts on imported supplies were addressed in Metropolitan Water District of
Southern California (MWDSC) 2010 Regional UWMP. Long Beach is one of 26 member agencies that
purchase imported water from MWDSC which holds fourth and fifth priority rights to water from the
Colorado River. Additionally, MWDSC is a contractor for the State Water Project, which is fed by the
Sierra Nevada. Although MWDSC has addressed climate change to some extent, it is vital for retail
agencies to understand and plan in conjunction with regional and wholesale agencies since climate
change will not only affect imported supplied but local supplies as well. Both will impact local Southern
California agencies. This report provides a comprehensive overview of potential impacts that climate
change may have on Long Beach’s water supply and demand. All imported sources of water to Southern
California are evaluated along with local sources including groundwater, recycled water, stormwater

capture, desalination, graywater use and conservation efforts (Figure 1).
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Figure 1: Map of all sources of water supply to Southern California and study basins including 1) Sacramento River (SRB),
2) San Joaquin-Tulare Lake (SJRB-TLB), 3) Mono Lake and Owens Valley (ML-OVB), 4) Southern Hydrologic Region and
5) Colorado River (CRB).

1.1 Current Imported Supply Limitations and Previous Study’s Projections

During the past century, 1°-2° C of warming has been observed over the Western United States
(Barnett et al., 2004). Temperatures are projected to rise by 3° to 5° C by the end of the century, greater
than the global average. These temperature increases are estimated to shift snowmelt and snowmelt-
driven runoff up to two months earlier over much of the Western United States (Rauscher et al., 2008)
and the San Joaquin-Sacramento River basin (He et al., 2013). With less snowpack, runoff timing is
expected to shift earlier in the year when reservoirs are kept at lower levels for flood control purposes
when winter precipitation occurs. The reservoirs will fill earlier due to rainfall runoff and may not have
spare capacity to hold the snowmelt runoft, even though it is somewhat reduced due to climate change.

Because the reservoirs are also required to provide flood control, the dam operating rules will likely
11



require releasing this captured water to maintain their flood control capacity. This released water could
be “lost” unless there are systems to move this water to other reservoirs or groundwater recharge
facilities where it can be stored and used. Lack of timely local water resource expansion coupled with
climate change may leave the area in extended periods of shortages. The following section provides a
brief overview of current supply limitations from each imported supply source including 1) the Colorado

River Aqueduct, 2) State Water Project and 3) Los Angeles Aqueduct.

1.1.1 Colorado River Aqueduct

The 630,000 km” Colorado River Basin provides water to over 30 million people across Wyoming,
Utah, Colorado, New Mexico, Arizona, Nevada, California and Mexico (Christensen et al., 2004;
Ficklin, Stewart, & Maurer, 2013). Approximately 70-80% of the water from the CRB is used for
agricultural lands, both within the basin and exported to other regions of the WUS (USBR, 2011). The
1922 Colorado River Compact divided the basin into two sections: upper and lower. Each section was
apportioned 7.5 million acre-ft (MAF). The Boulder Canyon Project Act of 1928 and the Upper
Colorado River Basin Compact of 1948 divided the 7.5 MAF from both the upper and lower regions to
state specific allotments. It was not until 1944 with the installment of the Mexican Water Treaty that 1.5
MAF of the CRB’s water was promised to Mexico. The early 20th century was a particularly wet period
in the CRB. Average annual flows were approximately 16.1 MAF in the 1920°s when the compact was
first signed. Therefore, calculations used to determine allocation amounts across the region in the
aforementioned compacts and treaty were skewed (USGS, 2004). Since the mid 20th century, the CRB
has experienced much drier periods more typical for the semi-arid and arid WUS-Mexico region with
annual flows reaching as low as 3.8 MAF in 2002 (USGS, 2004).

In the CRB, snowfall in the winter months accumulates until the spring when warmer
temperatures melt the snow. The snowmelt is captured by the large reservoir systems of Lake Powell
and Lake Mead until summer months when the Colorado River Aqueduct, altering the natural water
cycle, redistributes the water. The state of California has an allotment of 4.4 MAF surplus CRB water
every year. Agricultural entities possess the first three priority rights totaling 3.85 MAF. MWDSC, the
primary wholesaler of water to the Southern California coastal hydrologic region, holds the fourth and
fifth priority rights at 0.55 MAF and 0.662 MAF. MWDSC is also entitled to 0.18 MAF of any surplus
originating from the first three priority right holders (MWDSC, 2010). Arizona and Nevada’s increasing
populations have resulted in lower water availability for California. If population and demands continue

to increase, MWDSC could be left with just the 0.55 MAF fourth priority right water.
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On the Colorado River, reservoir levels are projected to diminish up to 30% by 2050 (Barnett et
al., 2004). Storage is expected to decline up to 40% by 2100 due to decreased runoff (Christensen et al.,
2004), reducing water available for the Southwest. Minimal changes in precipitation are anticipated by
2040; however studies have shown the potential for both increases and decreases (Christensen &
Lettenmaier, 2007). Any potential increase in precipitation can potentially be offset by greater rates of
evaporation and evapotranspiration due to warmer temperatures, resulting in decreased streamflow.
Total system demand in such a scenario would exceed reservoir inflows for the CRB (Christensen et al.,
2004). Incorporating population growth estimates would further increase the system demand. These

changes have the potential to adversely affect already scarce water supplies for Southern California.

1.1.2 State Water Project

The San Joaquin River Basin including the Tulare Lake Basin covers 82,000 km? of central
California while the Sacramento River Basin extends from central to northern California at 71,000 km?
(USGS, 2014). Combined, the basins provide over 80 percent of the runoff in California supporting 25
million people and the $36 billion dollar agricultural industry(Cloern et al., 2011; Gleick & Chalecki,
1999). In 1960, the California Water Resources Development Bond Act passed providing 1.75 billion
dollars to construct the State Water Project (SWP). Runoff from both basins into the Sacramento-San
Joaquin Delta where it is then pumped more than 700 miles to central and southern areas of the state
through the California aqueduct (SWP) and the federal Central Valley Project (CVP). California and
federal policy makers have grappled with numerous issues surrounding the Delta stemming from limited
water resources and the challenge of dividing these limited sources between urban, agricultural and
environmental users. The Delta is the largest estuary in the Western United States making it a critical
ecosystem (Kibel, 2011). Endangered species such as the delta smelt can become entrapped in the SWP
and CVP pumps at the south side of the Delta. During drought periods water quality becomes an issue as
seawater is drawn in from San Francisco Bay into the Delta, which impacts the aquatic species and adds
minerals to the Delta water. In order to protect these species, water pumping at the Delta pumping
facilities must be reduced or completely halted. The MWDSC is one of the largest SWP users at 1.9
MAF; however this allocation is highly variable. During the 2014 drought, MWDSC received just 5% of
their SWP allocation water due to pumping restrictions. Studies by DWR indicate that the probability of
receiving 1.9 MAF in any one year is only about 64% (DWR, 2012).

Between 30-40 km® of rain and snowfall flows to the Sacramento-San Joaquin watershed

(Knowles & Cayan, 2002). Snowpack accumulated from December to March delays 40% of the water
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delivered past April 1st, resulting in a system heavily reliant on snowfall timing and reservoirs to store
the melt water (Roos, 1989). The timing allows the reservoirs to maintain their flood storage capacity
during the fall and early winter months, capture rainfall derived runoff later in the winter and early
spring gradually filling the flood control “pool” and then capture the snowmelt when the flood danger is
minimal. This reliance makes these systems high vulnerable to climate changes. Previous studies on the
SJTLB and SRB have shown large uncertainties in precipitation changes over the basins. The potential
impact on runoff ranges from reductions of annual flow to the Delta by 41% to increases by 16% (He et
al., 2013). By 2060, April snowpack is projected to be just 66% of baseline normal conditions (Knowles
& Cayan, 2002).

1.1.3 Los Angeles Aqueduct

The Los Angeles Aqueduct (LAA) was constructed in 1913 with the purpose of providing water
to the growing city of Los Angeles. Initially obtaining water from the Owens River, a second aqueduct
was completed in 1970 that extended the aqueduct to the Mono Lake Basin (LADWP, 2013). The LAA
conveys both surface water and groundwater as the city of Los Angeles purchased groundwater rights
along the LAA route to pump into the aqueduct. Due to excessive pumping of the Owens River Valley
and surface diversions, the Owens Lake is now considered a dry lakebed posing a health risk to locals as
dust particles can cause respiratory problems. The USGS has stated that the Owens Valley is likely the
largest source of PM-10 (particles smaller than 10 microns in diameter) in the U.S. (Reheis, 1997).
Mitigation due to human and environmental health concerns has resulted in LADWP being required to
provide 40 TAF of water per year for dust control (LADWP, 2013). Environmental degradation from the
LAA was not limited to Owens Valley. Mono Lake’s unique tufa formations serve as nesting sites for
migratory birds. Once LADWP began exporting water the lake’s elevation dropped from the historical
average of 6,417 feet above sea level to 6,372 feet (MLC, 2015). Air and water quality issues ensued
with increased exposure of the lakebed. Furthermore, predators were more easily able to access the
nesting migratory birds as water levels declined. As a result the Mono Lake Committee was formed
(MLC) which fought alongside organizations like the Sierra Club and the Audubon Society to halt
LADWP diversions. After 20 years of challenges, the State Water Resources Control Board of
California released decision 1631 (D1631) which restricted LADWP’s ability to export based on the
water level of Mono Lake further reducing water supply to Los Angeles (LA). From 2006-2010, the city
of Los Angeles obtained 36% of its water supply from the LAA, equivalent to 0.22 MAF (LADWP,
2010).

14



Previous studies have examined the impacts of climate change on the Mono and Owens Valley
basins on a global climate model resolution (Costa-Cabral et al., 2013; Ficklin, Stewart, & Maurer,
2013). By the end of the 21% century, temperatures are predicted to increase from 2-5°C while changes
in annual precipitation are highly variable, ranging from -24 to 56% (Costa-Cabral et al., 2013).
Although the LAA strictly serves the city of Los Angeles (LA), LA is the largest user of MWDSC water
and possesses the most preferential rights to MWDSC water. Therefore, if LAA water supply greatly
decreases, LA would have to increase purchases from MWDSC, which could leave other member

agencies of MWDSC more prone to shortage conditions.

15



2.0 Methodology and Data

Ten coupled atmosphere-ocean global climate models (GCMs) are used as the driving
force for the Regional Climate Model system (RegCM4) at 18-km? to form an ensemble of simulations
(Giorgi et al., 2012) (Table 1).The output from the GCM simulations is part of the Coupled Model
Intercomparison Project Phase 5 (CMIP5), which was used for the latest Intergovernmental Panel on
Climate Change (IPCC) report (IPCC, 2013). GHG concentrations for the present day period (1966-
2005) are specified by observations. Minimum temperature, maximum temperature and precipitation are
bias corrected following a modified version of the Wood et al. (2002,2004) approach outlined in Ashfaq
et al (2010) (Ashfaq et al., 2010; Wood et al., 2004; Wood et al., 2002). Observed monthly mean 1-km
PRISM data is regridded at 4-km and compared with modeled monthly means for temperature and
precipitation. Each grid point is adjusted to the PRISM dataset and monthly mean values are
redistributed on a daily timescale. Future period (2011-2050) GHGs are specified by the IPCC’s
Representative Concentration Pathway (RCP) 8.5. While RCP 8.5 GHG concentrations are considered
to be relatively high, there is little difference between other RCP scenario concentrations in the early and
mid 21st century. The output from each ensemble member is dynamically downscaled and used to drive
the Variable Infiltration Capacity (VIC) hydrologic model at 4 km” over the entire U.S (Liang et al.,
1994). All model processing was completed at Oak Ridge National Laboratory (ORNL). For the
purposes of this study, two 20-year timeframes are considered, one which represents impacts to 2030
and the other to 2050.

Extensive efforts are being made to improve modeling techniques in order to obtain higher
resolution datasets. The Climate Sensitivity Group at UCLA has created a hybrid dynamical and
statistical downscaling approach to create a 2-km dataset over the Los Angeles Basin (Sun, Walton, &
Hall, 2015; Walton et al., 2015). Recently the group broadened their research area and applied this
technique to the Sierra Nevada at a 3-km resolution and 9-km solution over the rest of California. This
study looks at all sources of imported water supply to California, including the Colorado River Basin,
which has not been analyzed using the hybrid downscaling approach. To have comparable results across

all basins, this study solely uses the ORNL 4-km dataset.
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Table 1: Global climate models utilized in this study.

Model Modeling Group, Country Resolution
(lat x lon)

ACCESS1-0 Center for Australian Weather and Climate Research, Australia 1.24° x 1.88°

BCC-CSM1-1 | Beijing Climate Center and China Meteorological Administration, China 2.81°x 2.81°

CCSM4 National Center for Atmospheric Research (NCAR), United States of America 0.94° x 1.25°

CMCC-CM Euro-Mediterranean Center for Climate Change, Italy 2.0°x2.0°

FGOALS-g2 State Key Laboratory of Numerical Modeling for Atmospheric Sciences and 2.8°x2.8°

Geophysical Fluid Dynamics, Institute of Atmospheric Physics, China

IPSL-CM5A- Institute Pierre Simon Laplace, France 1.89°x 3.75°

LR

MIROCS Atmosphere and Ocean Research Institute (The University of Tokyo), National 1.41°x 1.41°

Institute for Environmental Studies, and Japan Agency for Marine-Earth Science

and Technology, Japan

MPI-ESM-MR | Max Planck Institute for Meteorology, Germany 1.88°x 1.88°
MRI-CGCM3 Meteorological Research Institute, Japan 1.13°x 1.13°
NorESM1-M UNI Bjerknes Center for Climate Research, University of Bergen, Center for 1.88°x 2.5°

Intern Climate and Environmental Research, The Norwegian Meteorological
Institute, University of Oslo, Norwegian Computing Center, Norwegian Institute

for Air Research and the Norwegian Polar Institute, Norway

Parameters evaluated to determine any potential hydrological changes include precipitation,
evaporation, baseflow, runoff, snow water equivalent (SWE), soil moisture, temperature and albedo. The
Mann-Kendall statistical test (MK test) is used to identify any trends in the data specifically runoff
timing (Kendall, 1948; Mann, 1945). Commonly used for hydrologic applications, the MK test is non-
parametric and evaluates data sets for upward or downward trends. Two-sample unpaired two-tailed
Student t-tests are used to determine statistical significance across all parameters (Gosset, 1908). The
Generalized Extreme Value (GEV) distribution is fitted to maximum annual one-day precipitation and
runoff events as well as cumulative annual runoff to evaluate return period changes (Jenkinson, 1955,
1969).

Population and historical demand information for Long Beach was obtained from LBWD’s 2010
UWMP. In order to analyze potential residential outdoor irrigation demand changes, historical
evapotranspiration (ETo) data is obtained from DWR’s California Irrigation Management Information
System (CIMIS) from weather station 174 located at EI Dorado Park in Long Beach for 1990-2005.
Average residential single-family (RSF) lot size was provided by LBWD using a sample of 200 homes
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throughout Long Beach. A duplicate approach is taken utilizing Geographic Information System (GIS)

map estimates for 110 residential duplex (R-DUPLX) and multi-family (RMF) buildings. The

proportion of irrigated landscape area to total lot size for each customer class is calculated and applied to

all customers for that category. All GIS mapping datasets originate from the City of Long Beach’s

online GIS data catalog. VIC provides data regarding evaporation changes, but not ETo, which is critical

in understanding plant water needs. ETo is calculated using the Blaney-Criddle method (FAO, 1998):
ET, = p(0.46T,,,, +8)

mean

Where T).0qan 1s the mean daily temperature in degrees Celsius and p is mean daily percentage of annual
daytime hours for a given latitude and time of a year. The change in ETo using the Blaney-Criddle
method is calculated on a monthly basis for each Period and model. Model bias is calculated by
subtracting monthly simulated ETo from observed CIMIS ETo. The bias is then subtracted from
baseline and RCP 8.5 ETo. Only a fraction of precipitation which falls will be available for plants to
utilize, also known as effective rainfall (P, ) where:

P. = Total rainfall - runoff —evaporation - minus deep percolation
Following the Food and Agriculture Organization (FAO) method for calculating P, when slope
maximum is 4-5%:

Pe=(0.8*P)-25 ifP>75mm

Pe=(0.6*P)—10 ifP<75mm
Where P is monthly average precipitation in mm. VIC precipitation is already bias corrected therefore
additional correcting was not necessary. Plant watering needs will differ based on the plant type and
stage of growth by a factor called the crop coefficient (Kc). For the purposes of this study, it was
assumed 90% of properties did not already have drought friendly landscapes, i.e. turf grass lawns. Cool
season grasses have a Kc of 0.8 while warm seasons have a Kc of 0.6. An averaged Kc of 0.7 is used to
represent grass lawns. Drought tolerant plants can have a Kc as low as 0.2-0.3. Assuming that 90% of
existing landscapes were grass and 10% drought tolerant, an average Kc is applied to all landscapes of
0.66. ETo must be corrected by incorporating varying Kc values with irrigation equipment and
management efficiency:

ETAF=Kc/IE

IE=DU*IME
Where ETAF is the evapotranspiration adjustment factor IE is the efficiency of irrigation equipment,
DU is the distribution uniformity of irrigation equipment and IME is the irrigation management

efficiency. DU and IME values are obtained from DWR’s white paper on Evapotranspiration
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Adjustment Factor. Average DU for a landscape is 0.79, representing a mix of irrigation equipment (i.e.
spray/rotor heads and drip irrigation). IME can vary between type of customer. Homeowners are less
likely to be as efficient as large commercial customers with full time landscape staff. However, to be
conservative on watering need estimates and to follow DWR’s protocol, an IME of 0.90 is used. IE is
therefore 0.7.

Water demands are calculated using:

ID=ETAF-Pe
Where ID is irrigation demand in mm. Given average irrigated area sizes by customer class, ID is
converted into acre-feet.

Using assessor parcel information and GIS, total rooftop area by each customer class is derived
in order to determine potential storm water capture. Historical ID assumes residents do not have rain
capture devices. To evaluate the potential offset in demand of rain barrels, we optimistically assume
every single family, multi-family and duplex customer in the future will have two standard 55-gallon
(7.35 ft°) rain barrels that can be filled up and used twice a month. Rainfall typical occurs in
concentrated events in Long Beach and due to soil saturation, the water in a rain barrel may not be
needed for outdoor irrigation for weeks. Therefore, rain barrels used twice a month when enough rainfall
is available is again an optimistic assumption. Potential storm water capture on a monthly basis is
calculated by:

SWC=Pe x RTA

PSWC= number of rooftops * 29.4 ft
Where SWC is storm water capture, RTA is rooftop area by customer class, PSWC is potential storm
water capture and 7.35 ft’ is rain barrel storage capacity assuming two rain barrels at each property are
filled up twice a month.
Therefore, adjusted ID with storm water capture is determined by:

ID SWC=  ID-PSWC if SWC > PWC
1D if SWC<PWC
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3.0 Results: Imported Supplies

Results are broken down into two categories: imported and local sources of water supply.
Primary hydrological variables which influence imported supplies are evaluated comparing Period 1,
baseline (1966-1985) to projected RCP 8.5 (2011-2030) and Period 2, baseline (1986-2005) to RCP 8.5
(2031-2050) potential changes. The impacts on Long Beach water supply resulting from possible
alterations to each variable are discussed. Alterations to aforementioned hydrologic parameters are
evaluated over the entire WUS study region and each imported supply basin on an annual and monthly
basis. Frequencies of extreme runoff and precipitation events are evaluated. Shifts in annual and

monthly snowmelt driven runoff amounts are also assessed.

3.1 Temperature Impacts on Snowpack

Daily maximum and minimum surface temperatures are derived from the ensemble of
simulations at each grid point. The average between the maximum and minimum datasets is cal<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>